A number of open initiatives are actively resisting the extension of intellectual property rights. 
today among government agencies involved in research, scholarly publishers, and university libraries in its efforts to provide a viable alternative or supplement to commercially driven forms of scholarly publishing (Willinsky, in press ). vi The principle of open access is simple enough. It is about being able to find and read research and scholarship online at no additional cost. At this point, only a small proportion of the peer-reviewed literature is available to readers and libraries without charge, although a number of economic approaches to open access have been developed over the last decade (Willinsky, 2003) . For example, the vast majority of journals now grant their authors permission to post their work in open access institutional repositories (also known as eprint archives) run by their universities or other groups. There are also open access journals in most disciplines that make the author's work immediately available to readers at no charge.
vii And not surprisingly, articles
which are made open access are cited more often than those that can only be viewed by subscription, a claim backed by a growing list of studies that Steven Hitchcock is assembling on this topic (2005) .
Both open source software and open access to research represent innovative responses to the particular restrictions placed on the sharing and exchange of software code and research publications, respectively, imposed by current intellectual property economics. Those same economics are also affecting, not surprisingly, open science. Access to scientific knowledge is increasingly subject to "proprietary rules" related to "industrial profit-goals," in David's terms, or to being classified as "defense-related" (1998, p. 15) . Just as new information technologies promise "unprecedentedly rapid and unfettered access to new knowledge," industry is ensuring that "the proliferation of intellectual property rights and measures to protect these is tending to inhibit access to such information" (2003, p. 27 ). David uses the property rights granted over scientific databases (to the exclusion of fair use) in the European Community, which he sees as nothing less than a "tragedy of the public knowledge commons," (2000, p. 1; see also Rodriquez, 2005) . The response from science's defenders has taken the form of an open data movement, which has had a substantial impact on a range of important scientific initiatives, from the Human Genome Project to the Global Positioning Satellite system. viii The extension of these property rights -and the very high cost of utilizing the properties in question -against the prospect of unfettered access, is very much the issue behind open access initiatives. The publishing economy of scholarly journals is dominated by a rather perverse property relation, in which the last investor in the research production chain -consisting of university, researcher, funding agency, and publisher -owns the resulting work outright through a very small investment in relation to the work's overall cost and value. ix The great increase in journal subscription prices over the last two decades, largely as a result of corporate concentration in scholarly publishing, has led to what economists would term the "dead-weight burden of monopoly," in which "some people's desires will remain unsatisfied even though they could have been fulfilled at virtually no additional cost" (David, 2003 p. 28) . Think of the open university movement, which was born in the United Kingdom during the 1960s and in "the 'White Heat of Technology' era," as its Web site puts it (Open University, 2005 ).
x Open universities are now found in Hong Kong, Israel, Sri Lanka, Canada, and elsewhere. MIT, to its credit, can point to its leadership in the Open Knowledge Initiative, Open
Courseware, and DSpace, all devoted to opening access to intellectual resources, including software and research, often with corporate patronage. The online publications AlwaysOn and
Technocrati recently announced their list of the Open Media 100 (Perkins, 2005) . I would also count the Creative Commons as a further extension of the open theme, intent as it is on opening copyright to the possibilities of sharing work in new ways (Lessig, 2004 initiatives, it will not do to go any further in this discussion without recognizing that, in reality, science has rarely if ever been any more open than the times in which it operates, and often less so. Consider the scientific involvement of women (Keller, 1985; Harding, 1991) , working classes (Rosen, 2003) , or non-Westerners (Kumar, 1991; Drayton, 2000) . Think about how susceptible science proved to the forces of tyranny, under National Socialism in Nazi Germany (Renneberg and Walker, 1994) . But then it is not always completely open to new ideas (Kuhn, 1962) or to reporting on the complete laboratory process behind experiments (Latour and Woolgar, 1979 threat to "basic academic principles," as faculty members no longer see their work as "a calling rather than just another way to earn a living" (2003, pp. 206-7; see also, Washburn, 2005; Greiger, 2004; Gould 2003; Aronowitz, 2001; Slaughter and Leslie, 1999 spoke of a free press -"Where the press is free, and every man able to read, all is safe" -he was referring to people's ability to read a newspaper, in ways also having to do with access to education and newspapers (1816). For Paul David, the roots of this addictive economy of "cool opportunities" lie deep in the European system of pre-capitalist aristocratic patronage of the highly talented, which favored "ornamental benefits [as opposed to utilitarian contributions] to be derived from their sponsorship of philosophers and savants of great renown," and this chain of ornamental patronage gradually evolved into a post-Renaissance "institutionalization of new reputationbuilding proceedings" based on earning the regard of one's scientific peers (1998, p. 17 (David, 1998, p. 18) . The openness was economically driven by, in David's terms, "the informational requirements of a system of patronage in which the competition among noble patrons for prestigious clients was crucial" (p. 20). It was not long before governments were playing the patron's role. In 1609, for example, an early Strasbourg newspaper reported that Galileo had seen his salary increased (in an early form of merit pay) at the University of Padua by Venetian authorities as a result of his success with the telescope (Kronick, 1976, p. 70 ). Today's public patronage of research and scholarship stands as, in arrangement for "maximizing the rate of growth of the stock of knowledge," while the increased access would serve to promote reputations and rewards, but it has yet to fully register with those who are in a position to make a difference (2003, p. 19) .
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The author wishes to thank Mary Barton for a thoughtful reading and response to this work, ii Marx offers a tempering of this celebrated event, for in his estimation, "the 'glorious Revolution' brought into power, along with William of Orange, the landlord and capitalist appropriators of surplus-value" (1887, VIII, chapter 27). Marx illustrates the point by pointing to the enclosure (and thus appropriation) of the commons by the landed classes, introducing yet a further historical parallel with the Creative Commons' efforts to recast copyright law by providing creators with a new range of licensing agreements, based on retaining limited rights while opening up others for public use.
iii The particular use of open to describe what science became in the 17 th century appears to derive from the historical work of William Eamon (1985) , which he drew out of earlier sense of science as public knowledge and a public good and which he saw as a continuing struggle -"the debate over the secrecy versus openness in science continues" -while warning scientists, if not publishers, "not to impede the flow of information for private gain" (pp. 346-347). iv Locke: "The labour of his body, and the work of his hands, we may say, are properly his. Whatsoever then he removes out of the state that nature hath provided, and left it in, he hath mixed his labour with, and joined to it something that is his own, and thereby makes it his property" (2002, pp. 12-13) . v See, for example, Robert Merton on the 17 th century Protestant ethic: "Its ascetic imperatives established a broad base for scientific inquiry, dignifying, exalting, consecrating such inquiry" as well as upholding "the good of the many," or as he cites from Robert Boyle's last will and testament in 1691, "the Comfort of Mankind" (1970, pp. 80, 87, 88) . J. R. Jacob challenges this view, at least in the case of Robert Boyle, for whom Jacob feels that Cromwell's English revolution (1649-60) rather than Puritanism was the instrumental force in pushing science to the fore as both a private interest and public good, in Boyle's case. ix If the average U.S. National Institute Health article represents $40,000 worth of research funding (with $26 billion a year in NIH research funding leading to the publication of 60,000 articles) and perhaps $20,000 of university support above that covered in the grant, the publisher invests no more than $2,000 but not before securing the copyright for the resulting research article.
x At the risk of over-loading the historical cart here, the Open University also has a 17 th century stake, as Gresham College, where the Royal Society of London took shape in the mid-1600s, had been established in 1598 with seven professorships lodged in Thomas Gresham's mansion house in London where they would read public lectures in Law, Rhetoric, Divinity, Music, Geometry and Astronomy (Johnson, 1940, p. 422) . xi Creative Commons "is a nonprofit that offers a flexible copyright for creative work" (http://creativecommons.org/). See also BIOS -Biological Innovation for Open Society "a new initiative… to extend the metaphor and concepts of open source and distributive innovation to biotechnology and other forms of innovation in biology" (http://www.bios.net/daisy/bios/15); also see Open Source Biology (2004), an editorial in Nature on this project, while, to keep things in perspective, Campbell et al. (2002) report on "data withholding in academic genetics." xii While I touch on the relation of "open" to "free" in this paper, the twentieth-century politics and metaphysics of the open metaphor waits to be told, going back at least to Karl Popper's The Open Society and its Enemies (1971) , which he started in the 1930s in taking aim at fascist and communist regimes, and leading up to post-Soviet critiques of the threats that the major corporate interests pose to freedom, liberty, and creativity (Lessig 2004) . xiii Andrew Abbott does a good job of identifying the underlying economic change in higher education (although without naming the counter "open" initiatives): "A second broad change is the move of capitalism -and of capitalistic conception of intellectual property -deep into the academic world… Like the commons of early modern England, academic knowledge is essentially an enormous public resource that the commercial sector will simply claim as property (as no one else has) or buy up at cheap rates" (2002, p. 223) . One exception to note is Johns Hopkins University, established as the first research university in the United States in 1876, which refuses to turn away from the public sphere, judging by the stance taken by Hopkins' president, William Brody: "When Hopkins scientists discovered restriction enzymes, one of the bases of the biotechnology industry, we put the discovery in the public domain -losing millions and millions in potential royalties. Foolish? Perhaps. But I know that we didn't slow science down or diminish the leading role [that] American industry plays in this field" (cited by Feldman and Desrochers, 2004, p. 4) . On recent, positive efforts by state governments to move beyond "technology transfer" in their support for basic university research, see Greiger and Sá (2005) . xiv In terms of scope, it is interesting to note how Richard Stallman has gone so far as to position "free software and the allied questions of other kinds of information" in alignment with the antiglobalization movement in "resisting the tendency give business power over the public and governments" (2005, p. 332) . xv Stallman writes of the decision to leave MIT: "If I had remained on the staff, MIT could have claimed to own the work, and could have imposed their own distribution terms, or even turned the work into a proprietary software package. I had no intention of doing a large amount of work only to see it become useless for its intended purpose: creating a new software-sharing community" (1999) . xvi Of the 64,000 open source projects on SourceForge.org, more than 50,000 use one of the GNU Public Licenses from the Free Software Foundation. The issue remains one of free, in this double sense of cost and liberty. Stallman: "The Open Source Movement was founded specifically to discard the ethical foundation of the free software movement," namely to "be free to pass [the software] on to others. Free either to give away copies or sell copies" (2004) . What he is pointing to is a clause in the Open Source Initiative's "Definition of Open Source," which declares that "the license must not insist that all other programs distributed on the same medium must be open-source software" (OSI 2005) . This enablers developers to package free software with, from Stallman's perspective, "non-free user subjugating software" which poses a threat to "people's freedom" (Stallman, 2004 Research and Scholarship (in press) . xx In his work on democratizing innovation, Von Hippel also positions open source as a special case with few precedents, that he ends up pointing to a series of nineteenth century instances of "collective invention" including the development of mining engines in Cornwall (Nuvolari, 2004) and iron industry furnaces in Cincinnati (Allen, 1983) . A striking parallel with scientific publishing is found in Nuvolari's study of how in 1811, "a group of mine 'captains' (mine managers) decided to begin the publication of a monthly journal reporting the salient technical characteristics, the operating procedures and the performance of each engine. The explicit intention was twofold. First the publication would permit the rapid identification and diffusion of best-practice techniques. Second, it would create a climate of competition among the engineers entrusted with the different pumping engines, with favourable effects on the rate of technical progress. Joel Lean, a highly respected mine captain, was appointed as the first 'engine reporter'.
The publication was called Lean's Engine Reporter. After his death, the publication of the reports was continued by his sons and lasted until 1904" (2004) . xxi David refers to open science's patronage economy as a "non-market reward system" and "collegiate reputational reward system" (2003, p. 19) . In Homo Acadimus, Pierre Bourdieu analyses the "types of capital" at stake in this reputation system, cataloguing both the "symbolic capital of renown" and the "power of consecration," that are found in, on the one hand, belonging to the Académie Française and, on the other, appearing in the popular weekly, Le Nouvel Observateur (1988, p. 79) . Weber coins "reputonics" for such capital (2004, p. 143) . It is also worth considering the pleasures of working in "the commonwealth of learning" as John Locke puts it in the Epistle to the Reader for An Essay Concerning Human Understanding, where, after paying homage to Boyle and Newton, he holds that "it is ambition enough to be employed as an under-labourer in clearing the ground a little" (1812, n.p.). xxii David: "A delicate attempt at regaining a better balance between protection of the public domain of knowledge from further encroachments by the domain of private property rights, is needed at least in regard to some sectors where services are recognized to profoundly affect human well-being (e.g., health, education)" (2003, p. 30) . xxiii Hooke wrote to Newton in 1679 asking him to comment on Hooke's theory of celestial motions, which renewed Newton to return to his own earlier work in this area, which he had set aside. This, followed by a visit from Halley in 1684, is said to have led to publication of the Principia, in a career marked by delayed disclosures (Merton, p. 218) . (in press, p. 16) . Similarly, Ilkka Tuomi points to how open source possesses "this community-centric developmental model" in which "the novices could enter the community gradually, by first gaining access to the community, then internalizing its values and world-views, and eventually becoming full, competent members" (2004) . Noting that "modern legal systems simply do not acknowledge the existence of such open, productive communities," Tuomi observes the liability protection is missing, which is something Microsoft has picked up on its in advertising campaign targeting the "true costs" of open source. xxvi Stallman identifies four open source freedoms which apply research methods: the freedom to run the program for any purpose, to study how it works, to redistribute copies, to change and improve the program and redistribute those improvements (Weber, 2004, p. 48) . xxvii Red Hat's subscription model ensures the delivery of upgrades, training, and support for Linux: "The subscription model allows us to develop and deliver technology as it's released, based on customer feedback. And to provide unlimited support over the life of an agreement. To create an actual relationship between the company and the customer before there's a problem. This is low-cost, high-value computing" (Why Subscriptions? 2005) . Weber describes the economic advantages using open source software in terms of how it "dramatically reduces the potential of supplier lock-in" which solves "a huge problem of potential opportunism" and reduces the chances of ending up in "a dependent relationship" (2004, p. 193) . xxviii In addition, a good number of businesses offer support services for open source applications. OpenWeb Analysts Limited maintains a catalogue of companies that provide support (http://www.owal.co.uk/oss_support/). xxix The major economic and legal difference between the open source and the open access subscription-or-free model is that the creators of open source software retain the copyright over the work, while researchers turn that copyright over to the publisher, who then grant back to the author the permission to post the work in an open access archive. xxx John E. Kelly, IBM's senior vice president for technology and intellectual property: "Our pledge today is the beginning of a new era in how IBM will manage intellectual property to benefit our partners and clients. Unlike the preceding Industrial Economy, the Innovation Economy requires that intellectual property be deployed for more than just providing the owner with freedom of action and income generation" (Galli, 2005) . xxxi See, for example, the Institutional Archives Registry at the University of Southampton with a listing of 431 archives worldwide at this point (http://archives.eprints.org/). xxxii In high energy physics, a very large proportion of the literature has been made freely available from arcXiv.org over the last 12 years, and subscription levels in the relevant journals have not been unduly affected. That is, the circulations of these journals declined at about the same rate as related journals in the field, as part of a larger publishing phenomenon that also speaks to the need for open access (Swann 2005) . xxxiii The underwhelming response on the part of authors to this opportunity to contribute published work to institutional repositories, with a few exceptions such as in high-energy physics, has led to initiatives to establish institutional and granting agency mandates that would compel associated researchers to self-archive their published work (Harnad, 2005c) . xxxiv Weber does speak of open source programmers choosing their own project "like a tenured professor able to write a book on whatever she wants" (2004, p. 136) -but does not go beyond that level of connection between open source and open access. The open access parallel is also missing from Von Hippel's analysis of open source software, despite his pointing to how it provides "major new opportunities for us all" in a democratization of innovation that is taking place "in firms and communities," and is "driven by steadily better and cheaper computing and communications" (2005, p. 177) . While Lerner and Tirole note that the open source movement and academia have "many parallels," they still seek to explain the mystery of open source through the "labor and industrial organization literatures," while posing as "an interesting question… whether open access will have the same appeal for the economics community" (2005, pp. 116, 118) . The question flies in the face of Research Papers in Economics (RePEc), which offers perhaps 200,000 working and published papers online, and the Social Science Research Network (SSRN), which makes only somewhat fewer resources freely available in economics and management. xxxv Environmental historian Samuel P. Hays writes of how "the environmental thrust took its shape largely from the concerns of people in their daily lives: home, work and leisure… a preoccupation with a given place and the environmental quality of that place" (1998, p. 316) .
